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$G$ , Eilenberg–Ma.$cL\bm{t}e$ $K(G, 1)$ (i.e. $\pi_{1}K(G, 1)=G$,
$i\geq 2$ $\pi_{i}K(G, 1)=0$ ) , $H_{l}(G):=H_{*}(K(G, 1))$
, , $\pi_{1}X=G$
,
$H_{1}(G)$ $:=H_{1}(X)=G/[G, G]$ ,
$\pi_{2}Xarrow H_{2}(X)Hurewiczarrow H_{2}(G)arrow 0$ ( )
. ( [2] )
$f$ : $Aarrow B$ 24 , $f$
$f$ : $H_{*}(A)arrow H.(B)$ 1 2 .
Stallings .
2.1 (Stallings [14]). $A,$ $B$ , $f$ : $Aarrow B$ 2- ,
$f$ : $N_{k}(A)arrow N_{k}(B)$
$k\geq 2$ .
$G$ $N_{k}(G)$ $G$ $k$ , $G$ $(G)=G$,
$\Gamma^{i}(G)=[\dot{P}^{-1}(G), G](i\geq 2)$ , $N_{k}(G):=G/(\Gamma^{k}(G))$ .
, $X$ $N_{k}(X):=N_{k}(\pi_{1}X)$ .
Stallings , . ,
. $X$ .
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, $X$ . $M$ $X$
. , $M$ , 2
$i+,$ $i_{-}$ : $Xarrow M$ ,
(1) $i+$ , $i_{-}$ $Aa$
(2) $\partial M=i+(X)$ $i_{-}(X)$ $\iota_{+}(X)$ $(X)=i+(\partial X)=i_{-}(\partial X)$ ,
(3) $i_{+},$ $i_{-}$ : $Xarrow M$ ,
(4) $i_{+}|_{\theta X}=i_{-}|_{\partial X}$
. 3 $(M, i_{+}, i_{-})$ $X$
. $\pi_{1}X$ $\pi_{1}M$ $i_{+}(X)$ $i_{-}(X)$
.
FIGURE 1. $X$
2 $-(M, i_{+}, i_{-}),$ $(M’, i_{+}’, i_{-}’)$ ,
$\varphi$ : $Marrow\underline{\simeq}M’$ $\varphi\circ i+=i_{+}’,$ $\varphi\circ i_{-}=i_{-}’$
. $X$ $C(X)$ .
$(M, i_{+}, i_{-}),$ $(N,j+’ j_{-})\in C(X)$ ,
$(M, i_{+}, i_{-})\cdot(N,j+,j_{-})$ $:=(M \bigcup_{t_{-}^{-1}\text{ }j+}N, i_{+},j_{-})$
$C(X)$ . $C(X)$ (X $xI$,id $x\{1\}$ , id $x\{0\}$)
( , (id $x\{1\}$ ) $(\partial X)$ $(id\cross\{0\})(\partial X)$ $(id\cross\{1/2\})(\partial X)$
) . , $C(X)$ .
, $(M,i_{+}, i_{-})\in C(X)$ , $\iota_{+,i_{-}:\pi_{1}X}arrow$
$\pi_{1}M$ 2- . Stallings , $k\geq 2$
$i_{+},$ $i_{-}:$ $N_{k}(X)arrow N_{k}(M)\simeq$ ,
$\sigma_{k}$ : $C(X)arrow Aut(N_{k}(X))$ $((M,i_{+},i_{-})\mapsto(i_{+})^{-1}\circ i_{-})$




$\mathcal{M}(X)arrow C(X)$ $([\varphi]rightarrow(X\cross I,id\cross\{1\},\varphi\cross\{0\}))$
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2.3. 22 $\mathcal{M}(X)arrow C(X)$ . , $[\varphi]\in$
$Ker(\mathcal{M}(X)arrow C(X))$ , $\varphi$ (pseudo isotopy)
( , ).
, $X$ . , $X$ ,
, $\mathcal{M}(X)arrow C(X)$ .
, $C(X)$ 1 . $(M, i_{+}, i_{-})$ ,
$(N,j+,j_{-})\in C(X)$ ,
$W$




$\mathcal{H}(X)$ , $\mathcal{H}(X)$ $C(X)$ , . $(M, i_{+}, i_{-})$
$(-M, i_{-}, i_{+})$ . $\sigma_{k}$
$\sigma_{k}$ : $\mathcal{H}(X)arrow Aut(N_{k}(X))$
.
3. ACYCLIC CLOSURE
$\sigma_{k}$ : $C(X)arrow Aut(N_{k}(X))$ $(k\geq 2)$
$\sigma_{k}$ $\mathcal{M}(X)$ ( ) , $\sigma$ : $\mathcal{M}(X)arrow$
$Aut(\pi_{1}X)$ . , $C(X)$
. , $??$?
\searrow .
$\sigma_{k}$ : $C(X)arrow$ $??$? $arrow Aut(N_{k}(X))$
$\sigma_{k}$ :
$\mathcal{M}(X)\uparrowarrow^{\sigma}Aut(\pi_{1}X)\uparrow|\wedge:arrow Aut(N_{k}(X))\Vert$
, $\pi_{1}X$ $\pi_{1}X^{ni1}$ $:= \lim_{arrow}N_{k}(X)$
. , $G$ , Bousfield [1] $N_{k}(G)\underline{\simeq}N_{k}(G^{ni1})$
, $Aut(G^{ni1})$ $Aut(N_{k}(G))$
. , ,
. , Levine acyclic closure
, , , $\sigma_{k}$
.
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acyclic closure 3. 1 ,
, .





, $X$ 2 . $(M, i_{+}, i_{-})\in C(X)$ $C(X)$
, . , $M\cross\{1\}\subset MxI$ $k$ 1- $h_{1}^{1},$ $\ldots h_{k}^{1}$
. , $k$ 2- $h_{1}^{2},$ $\ldots,$ $h_{k}^{2}$ , 2- $h_{:}^{2}$
1- $h_{j}^{1}$ $b_{j}$ $(a_{t}, b_{j})=\delta_{ii}$
.
$W$ $:=M\cross I\cup h_{1}^{1}\cup\cdots\cup h_{k}^{1}\cup h_{1}^{2}\cup\cdots\cup h_{k}^{2}$
, $M=M\cross\{0\}$ $M’$ (i.e. $\partial W=M\cup-M’$).
$M$
FIGURE 2. $W$
, , $H_{*}(W, M)=0$ , Poincar\’e-Lefschek
, $H_{*}(W, M’)=H_{*}(M’, i_{\pm}(X))=0$ . ,
$(M’,i_{+}, i_{-})\in C(X)$ . ( , $(M,$ $i_{+},$ $i_{-})=(M’,$ $i_{+},$ $i_{-})\in \mathcal{H}(X)$ )
, $\pi_{1}W$ , $k$ $1-\ovalbox{\tt\small REJECT}\backslash$ $x_{1},$ $\ldots$ , $x_{k}$
, 2-
$w_{1},$ $\ldots,$
$w_{k}\in Ker(\pi_{1}M*\langle x_{1}, \ldots, x_{k}\ranglearrow proj\langle x_{1}, \ldots, x_{k}\ranglearrow H_{1}(\langle x_{1}, \ldots, x_{k})))$
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$\pi_{1}W=\frac{\pi_{1}M*\langle x_{1}.’\ldots,x_{k}\rangle}{\langle x_{1}w_{1}^{-1},..,x_{k}w_{k}^{-1}\rangle}$
. $\pi_{1}W$ . $W$ 4
$\pi_{1}M^{j}arrow\pi_{1}W$ ( 5 ),
$\pi_{1}M’$ .
$v$
, acyclic closure . acyclic closure (HE-closure
) , algebraic closure Levine
[8, 91 , . ,
, [8] algebraic closure
. ([31 )
3.1. $G$ , $F_{k}$ $:=\langle x_{1}, \ldots, x_{k}\rangle$ $k$ .
(1) Ker $(G*F_{k}arrow projF_{k}arrow H_{1}(F_{k}))$ $k$ $w_{1},$ $w_{2},$ $\ldots$ , $w_{k}$ , $x_{1},$ $x_{2},$ $\ldots$ , $x_{k}$
“ ”
(S) : $\{\begin{array}{l}x_{1}=w_{1}(x_{1}, x_{2}, \ldots, x_{k})x_{2}=w_{2}(x_{1}, x_{2}, \ldots, x_{k})x_{k}=w_{k}(x_{1}, x_{2}, \ldots, x_{k})\end{array}$
. (S) acyclic system .
(2) $G$ acyclic system ( ) “ ”
, $G$ acyclically closed ( , AC ) . , acyclic system
$\varphi$ .
3.2. $G$ $g_{1},$ $g_{2},g_{3}$ ,
$\{\begin{array}{l}-1-1x_{1}=g_{1}x_{1}g_{2}x_{2}x_{1}x_{2}x_{2}=x_{1}g_{3}x_{1}^{-1}\end{array}$
$G$ acyclic system . $G$ , system
$(x_{1}, x_{2})=(g_{1}g_{2},g_{3})\backslash$ .
32 , AC . , AC-
, AC- . ,
AC . AC- .
3.3. $G$ , $G^{acy}$ $\iota_{G}$ : $Garrow G^{acy}$
:
(1) $G^{acy}$ AC- .
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(2) $f$ : $Garrow A$ $A$ AC $\overline{f}\circ\iota_{G}=f$
$f:G\sim$acy $arrow A$ .
3.3 $G^{acy}$ $G$ acyclic closure . $G$eCy ,
, $G$ $G$ acyclic system ,
.
, $G$ $G^{acy}$ .
acyclic closure .
3.4. (1) $G$ , acyclic closure $\iota_{G}$ : $Garrow G^{acy}$ 2- .
(2) $A$ , $B$ . , 2-
$f$ : $Aarrow B$ acyclic closure $f\sim$ : $A^{a_{W}}arrow B\underline{\simeq}$ acy .
3.4 (1) Stallings , $G$ ,
$\iota_{G}$ : $N_{k}(G)arrow N_{k}(G^{xy})\underline{\sim}$
. 2 .
3.5. acyclic closure $\iota_{G}$ . , $G$
(i.e. $G=[G,$ $G]$ ) , $Garrow\{1\}$ 2- , $G^{acy}\cong\{1\}^{W}=\{1\}$
. , $G$ residually nilpotent (i.e. $\bigcap_{k\geq 2}\Gamma^{k}(G)=\{1\}$) ,
$Garrow G^{ni1}$ , $\iota_{G}$ $\iota_{G}$
. , $F_{k}$ residually nilpotent , $\iota_{F_{k}}$ : $F_{k}arrow 1F_{k}^{acy}$
.
3.6. $F_{2}=\langle x_{1}, x_{2}\rangle$ , $\psi$ : $F_{2}arrow F_{2}$
$\{\begin{array}{ll}x_{1} \mapsto x_{1}x_{2}x_{1}x_{2}^{-1}x_{1}^{-1}x_{2} \mapsto x_{2}\end{array}$
, $\psi$ 2- . 3.4 (2) $\psi$
$\tilde{\psi}:F_{2}^{acy}arrow F_{2}^{acy}$ . 3.3 acyclic closure , $F_{n}-F_{n}^{acy}$
,
$Aut(F_{n})\subset$ { $\varphi:F_{n}arrow F_{n}$ , 2- }\rightarrow Aut(Fnw)
. $\tilde{\psi}$ $Aut(F_{2}^{acy})\backslash Aut(F_{2})$ .
, $X$ $(M, i_{+}, i_{-})$
, $\pi_{1}X$ acyclic closure $Aut(\pi_{1}X^{W})$ $i_{+}^{\sim-1}\circ i_{-}^{\sim}$
,
$\sigma^{W}$ : $C(X)arrow Aut(\pi_{1}X^{acy})$
, $\mathcal{H}(X)$ . ,





3.7. $X$ , $Aut(\pi_{1}X^{acy})$ , $\sigma^{acy}$ : $C(X)arrow$




, acyclic closure . ,
$??$? acyclic closure
.
, $G$ residually nilpotent . ($G=F_{n}$
) , $A$ 2 2- $\varphi+,$ $\varphi_{-}:$ $Garrow A$







4.1. Stallings , $(G, \varphi+’\varphi_{-})$ $\varphi+’\varphi_{-}$ ,
. , $G$ residually nilpotent ,




$((A,\varphi_{+},\varphi_{-}), (B, \psi_{+},\psi_{-}))\vdasharrow$ $(A*GB, \varphi_{+},\psi_{-})$




. $\varphi_{-},$ $\psi+$ ,
Mayer-Vietoris , well-defined .
$\mathcal{A}(G)$ , $\mathcal{A}(G)$ ( $G$ , id, id) .




2 $\mathcal{A}(G)$ $(A, \varphi+, \varphi_{-}),$ $(B, \psi_{+}, \psi_{-})$ ,
$C$ 2-






$\mathcal{B}(G)$ , $\mathcal{B}(G)$ $\mathcal{A}(G)$
. , $\mathcal{A}(G)$ , $(A, \varphi+, \varphi_{-})$
$(A, \varphi_{-}, \varphi+)$ .
, ,
$\tau:\mathcal{A}(G)arrow Aut(G^{acy})$ $((A,\varphi+,\varphi_{-})rightarrow\varphi+ \circ\overline{\varphi_{-}})$
—1
, $\tau$ , $\mathcal{B}(G)$ .
4.3 ([12]). $G$ residually nilpotent , $\tau$ : $\mathcal{B}(G)arrow$
$Aut(G^{acy})$ .
Levine [8] $G$ $G^{uy}$
2- $Aut(G^{acy})$
.
4.4. 36 2- $\psi$ : $F_{2}arrow F_{2}$ , $\tau(F_{2}, id, \psi)=\tilde{\psi}$.
5. DBHN-NIELSBN
, $X$ $g$ 1 $\Sigma_{g,1}$
3.7 . $\Sigma_{g,1}$ Goussarov [5], Habiro
[6], Garoufalidis-Levine [4], Levine [101 , clover clasper
. .
3 $\pi_{1}\Sigma_{g,1}\cong F_{2g}$ , 1 $K1/$ 7’ $\zeta$ $\prod_{i=1}^{g}[\gamma_{1},\gamma_{g+i}]$
.
$\Sigma_{g,1}$ ,
, 23 , $\mathcal{M}(\Sigma_{g,1})arrow C(\Sigma_{g,1})$
.




FIGURE 3. $\Sigma_{g,1}$ $\{\gamma_{1}, \ldots, \gamma_{2g}\}$
, .
5.1 (Dehn-Nielsen). $\sigma$ : $\mathcal{M}(\Sigma_{g,1})arrow Aut(F_{2g})$ ,
${\rm Im}\sigma=\{\varphi\in Aut(F_{2g})|\varphi(\zeta)=\zeta\}$ .
5.2 (Garoufalidis-Levine [4]). $k\geq 2$ ,
${\rm Im}(\sigma_{k} : C(\Sigma_{9^{1}},)arrow Aut(N_{k}(F_{2g})))$
$=\{\varphi\in Aut(N_{k}(F_{2g}))|\varphi$
$1)$
$\}\iota\hat{\varphi}\cdot.F_{2g}arrow F_{2g}l^{i\text{ }}\hat{\varphi}(\zeta)\equiv\zeta mod \Gamma^{k+1}(F_{2g})$
$rx$ . $\}$ .




Dehn-Nielsen , 5.1, 5.2 .
5.3 ([12]). $\sigma^{acy}$ : $C(\Sigma_{g,1})arrow Aut(F_{2g}^{acy})$ ,
${\rm Im}\sigma^{acy}=\{\tilde{\varphi}\in Aut(F_{2g}^{acy})|.\tilde{\varphi}(\zeta)=\zeta\in F_{2g}^{acy}\}$ .
5.2 , $F_{2g}arrow N_{k}(F_{2g})$
, $F_{29}arrow\text{ _{}2g}^{acy}$ ,
. acyclic closure .
5.4. $\mathcal{M}(\Sigma_{g,1})$ , $\sigma^{acy}$ $\mathcal{H}(\Sigma_{g,1})$ .
, $(\Sigma_{g,1}\cross I, id\cross\{1\}, id\cross\{0\})$ $S^{3}$
3 $Y$ $((\Sigma_{g,1}\cross$
$I)\#Y$, id $x\{1\}$ , id $x\{0\}$) Ker $\sigma^{acy}(\subset \mathcal{H}(\Sigma_{g,1}))$ . ,
$\rho$ :Ker $\sigma^{acy}arrow$ , $\rho(((\Sigma_{g,1}\cross I)\#Y, id\cross\{1\}, id\cross\{0\}))=0,$ ${\rm Im}\rho$ $\mathbb{R}$
Atiyah-Patodi-Singer
. Ker $\sigma^{a_{W}}$ , $\mathcal{H}(\Sigma g,1)$ $\sigma^{acy}$
, .
6. $(\#\mathfrak{n}(S^{1}xS^{l}))\backslash Int(D^{l+1})(l\geq 2)$ $Aut(F_{n}^{uy})$
, $X=(\# n(S^{1}\cross S^{l}))\backslash Int(D^{l+1})(l\geq 2)$
. $l=1$ $(\# n(S^{1}\cross S^{1}))\backslash Int(D^{2})=\Sigma_{n,1}$ ,
.
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6.1 (Laudenbach.[71). $l=2$ ,
(1) $X=(\# n(S^{1}\cross S^{2}))\backslash Int(D^{3})$
. , $\mathcal{M}(X)arrow C(X)$ .
(2) $\sigma:\mathcal{M}(X)arrow AutF_{n}$ .
2 .
6.2. (1) $k\geq 2$ , $Aut(F_{n}^{acy})arrow Aut(N_{k}(F_{n}))$ .
(2) $l\geq 2$ $\sigma^{W}$ : $C(X)arrow Aut(F_{n}^{a\epsilon y})$ .
53 , , ( 52
) .
7.
, acyclic closure .
7.1. $F_{n}^{acy}$ $Aut(F_{n}^{W})$ ?
$C(\Sigma_{g,1})$ $\mathcal{H}(\Sigma_{g,1})$ .
, .
7.2. $p_{n}warrow F_{\mathfrak{n}}^{ni1}=(F_{n}^{acy})^{ni1}$ ?
$F_{\mathfrak{n}}^{acy}$ residually nilpotent .
7.3. $H_{3}(F_{\mathfrak{n}}^{acy})$ .
3.4 , $\iota_{F_{n}}$ : $F_{n}arrow F_{n}^{acy}$ 2- $H_{1}(F_{n}^{acy})=H_{1}(F_{n})=\mathbb{Z}^{n}$ ,
$H_{2}(F_{n}^{acy})=H_{2}(F_{n})=0$ . , [12]
,
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